ABSTRACT
INTRODUCTION
Lead is a naturally occurring metal found in the earth's crust. The harmful effects of lead poisoning have been known since ancient times. Humans have used lead since the Industrial Revolution and, up to the early 20 th century, lead poisoning was only considered to be an occupational disease. 1 Its extended environmental distribution is mainly the result of its use as a gasoline anti-knock additive.
T h e p r o h i b i t i o n o f l e a d -b a s e d
anti-knock additives has reduced blood lead levels in the worldwide population. In Argentina, the mean blood lead level in children from Cordoba was observed to decrease from 7.70 µg/dL in 1995-1996, when the prohibition was established, to 2.58 µg/dL in 2009-2010. 3 In spite of the effectiveness of all these prevention efforts, human exposure to lead is still ongoing because lead does not degrade and is strongly adsorbed to soil, 2 making environmental dust one of its main sources.
Lead has neurotoxic effects in children, even at a very low level. It affects their intelligence quotient and behavior, and causes attention deficit disorder and a poor academic performance. 4 Children are more susceptible to lead exposure than adults, mainly because of their exploratory activities, which increase their chance of swallowing leadcontaminated dust. In addition, gastrointestinal absorption of lead is greater in children than in adults, especially in children who have iron deficiency, 5, 6 a common nutritional deficiency in this region. 7 Given that, in the past decade, sufficient evidence has demonstrated that blood lead levels below 10 µg/dL are harmful in children, in 2012 the United States Centers for Disease Control and Prevention (CDC) recommended reducing the reference value from 10 µg/dL to 5 µg/dL. In addition, most studies conducted in Argentina have analyzed lead exposure in children from a specific source; 9,12,13 only a few have approached this issue from the perspective of risk factors (RFs) for childhood lead exposure. 3, 14 A study done in 2006 in children from this region indicated that 1 out of every 10 clinically healthy children who attended a health check-up had a blood lead level ≥ 10 µg/dL. 15 Deepening the knowledge of this problem and identifying RFs will make it possible to design and establish prevention strategies. Therefore, the objective of this study was to determine mean blood lead levels and identify RFs for lead exposure in children aged 1 to 6 years old living in La Plata and the outskirts.
POPULATION AND METHODS
An observational, analytical, cross-sectional study was conducted in La Plata and the outskirts between 2009 and 2012. Participants were clinically healthy children aged 1 to 6 years old who attended a primary health care center (PHCC) for periodic check-ups in the city of Berisso and in two towns from La Plata: Arturo Seguí and Los Hornos. All PHCCs were located in areas far away from heavily populated urban centers and industrialized sectors.
Children with a diagnosis of chronic disease, acute disease and/or infection at the time of the study or whose mothers (or legal tutors) refused to participate in the study were excluded.
The sample size was calculated to estimate the prevalence of a blood lead level > 5 µg/dL with a 95% confidence interval (CI) and a 0.05 margin of error. The estimated number of children was 283 children, with a 50% prevalence. The reason to use this value was that there were no previous estimations available given that the prevalence observed in the previous study 15 had been estimated using the reference value recommended at that time (10 µg/dL).
A 5 mL blood sample was collected by v e n i p u n c t u r e i n t o t w o v i a l s c o n t a i n i n g lithium heparin and K3 EDTA, respectively (BD Vacutainer, Franklin Lakes, NJ, USA). Heparinized tubes were kept at -70 °C until analysis. To determine the blood lead level, heparinized blood samples were diluted 1:10 in 15% nitric acid (Merck) and centrifuged; the supernatant was analyzed using an atomic absorption spectrophotometer with a graphitecoated furnace (Varian AA 240Z, Programmable Sample Dispenser 120, Zeeman-background correction, Mulgrave, Australia). The internal quality control (IQC) was done using the Lyphochek Whole Blood Metals Control from BIO-RAD Laboratories, 8.03 µg/dL, with a percent coefficient of variation (CV%) of 6.8% between runs. IQC materials prepared at the laboratory were also used based on whole blood added with lead nitrate Pb(NO 3 ) 2 (Merck), with a mean level of 5.1 µg/dL and a CV% of 8.8% between runs. In addition, we participated in an external quality control (EQC) program called G-EQUAS (German External Quality Assessment Scheme, Erlangen, Germany, Environmental Medical Field). The percent relative error at the level reported by our laboratory, compared to the consensus value, was at a range of 7.3%-11.0%, i.e. within the acceptability range of the EQC scheme. The limit of detection (LOD) with this method was 1.6 µg/dL, and the limit of quantification (LOQ) was 3.3 µg/dL. The blood lead level reference value used in this study was 5 µg/dL, as recommended by the CDC. 4 H e m o g l o b i n w a s d e t e r m i n e d u s i n g a hematology counter (ABX, Pentra 60, Montpellier, France). Children were considered to have anemia if they had an hemoglobin level below 11 g/dL. 16 RFs for lead exposure in children were collected using a questionnaire administered by trained staff. Questions were grouped into five areas: sociodemographic characteristics, child habits, determinants of internal and external household lead exposure, and other RFs. The sociodemographic area included questions about the child's age and sex, the geographic location of the family house, family composition (number of members and their relationship), parental employment status (formally or informally active, inactive, unemployed), and parental level of education (number of years of education completed), housing conditions (building material, floor type, presence and/or location of a bathroom, number of rooms), access to water and health services. Based on these data, we also developed the unmet basic needs (UBNs) indicator according to the methodology described by the National Statistics and Censuses Institute of Argentina (Instituto Nacional de Estadísticas y Censos, INDEC). 17 Questions included in the child habits area made it possible to record data on pica behavior and the habits of putting their fingers or objects in their mouths, playing on the floor, and washing hands before eating.
The determinants of internal lead exposure included chipped paint, lead pipes, property under construction or repair, dirt floors, and hobbies or home activities that may report lead exposure, such as battery refilling or the manufacture of lead or ceramic glaze objects.
The determinants of external lead exposure included the presence, less than 100 meters away, of a gas station (fuel distribution), a car repair and/or car paint shop, a blacksmith's workshop, bus stops, high traffic roads, dirt streets, garbage dumps, or polluted streams. Other RFs included in the study were anemia and living with smokers.
The research protocol was approved by the Institutional Research Protocol Review Committee (Comité Institucional de Revisión de Protocolos de Investigación, CIRPI) of the Pediatric Research and Development Institute of Hospital de Niños Sor María Ludovica from La Plata, and the parents and/or legal tutors of the children participating in the study signed an informed consent in the presence of a witness.
The SPSS 18 software for Windows was used for data analysis. Mean blood lead levels, standard deviations (SDs), and 95% CIs were estimated. Given that blood lead levels were not normally distributed, the median blood lead level and the interquartile range (IQR) were estimated. Blood lead levels below the LOD were replaced by the 1.13 µg/dL value, obtained from the following equation: LOD/(2) ½ (LOD divided by the square root of 2). 18 Following a descriptive analysis of the family's sociodemographic characteristics, the Mann-Whitney test was used to compare mean blood lead levels corresponding to the groups with and without RFs. Children's age was separated into two categories; the cut-off point was set at 3 years old considering that most children at that age are past the need to explore objects with their mouths. 19 The association between blood lead levels above 5 µg/dL and RFs was studied by estimating the odds ratio (OR) and the χ² test. Lastly, a logistic regression model was adjusted for > 5 µg/dL as a dependent outcome measure, and for RFs with a significant mean difference and confounding variables (sex and passive smoking) as independent outcome measures. Outcome measures were selected using the backward stepwise method, with the adjustment criterion based on the lowest number of parameters possible as per Akaike Information Criterion (AIC). A value of p < 0.05 was considered significant.
RESULTS
A total of 319 children aged 1 to 6 years old participated in the study. Table 1 shows the sociodemographic characteristics of children included in the study and their families. The prevalence of anemia among children was 24.6%, 47% of children were exposed to tobacco smoke, 47% lived in precarious housing conditions, and 12% lived in overcrowded conditions.
T h e m e a n ± S D b l o o d l e a d l e v e l w a s 2.9 ± 2.4 µg/dL (95% CI: 2.6-3.2, range < LOD-14.7). The median value (IQR) was 2.2 µg/dL (1.1-3.6). As shown in Table 2 , 12.6% of children had a blood lead level above 5 µg/dL, and 31.1% were above the LOQ. Table 3 shows the median value and IQR of RFs with a significant mean difference: age ≤ 3 years old, pica behavior, anemia, maternal education < 7 years, overcrowding, and dirt floors.
After studying the relationship between blood lead level > 5 µg/dL and the presence of RFs with a significant mean difference, a significant association was observed only with age ≤ 3 years old and pica behavior. After completing the final logistic regression model, only age ≤ 3 years old and pica behavior were left. Based on this model, the corresponding ORs and 95% CIs for age ≤ 3 years old and pica behavior were estimated, and age ≤ 3 years old was observed to be statistically significant ( Table 4) .
DISCUSSION
The median blood lead level obtained in this study shows an exposure level similar to that published in developed countries, e.g., USA, France, and Japan. 4, 11, 20 In Argentina, there are few ongoing studies that investigate blood lead levels in children. A study conducted in the city of Córdoba found a mean blood lead level of 2.96 µg/dL in children aged 2-3 years old, and 1.83 µg/dL in children aged 4-5 years old, similar to that observed in our study. 3 Another study done in 2006 in a population with characteristics similar to those of La Plata and Greater La Plata showed that children aged between 6 months and 5 years old had a geometric mean blood lead level of 4.3 µg/dL. 15 In that study, 10.8% of children had blood lead levels above 10 µg/dL, which was the level of concern at that time. A repeat assessment of data in light of the updated recommendation indicates that 47% of those children had blood lead levels above the new reference value (5 µg/dL) whereas, in this study, 13% of children had levels above the reference value. These results evidence a reduction in blood lead levels over the years. These findings are consistent with those of the study conducted by Martínez et al. in 2012, 3 which compared lead levels in the city of Córdoba from 1999 and 2010 and showed a reduction following the regulation and prohibition of lead in fuels and paints.
However, according to our study, other factors may have contributed to the observed reduction. Specifically, the study conducted by Disalvo et al. in 2009 15 demonstrated that the factor most strongly associated with a blood lead level of concern was that related to activities involving lead handling as a source of household income. At that time, 20.4% of families who participated in the study were involved in polluting activities (e.g., collecting metals for sale, dismantling batteries, copper wire melting and burning) whereas in this study, only one family referred doing similar things. Such difference in working conditions may have contributed to reducing the household lead load.
In spite of the described reduction, and considering that there is no threshold for a blood lead level below which no adverse effects are observed, 4, 21, 22 it is worth noting that 31% of children had quantifiable levels, and almost 13% were above the reference value.
In terms of RF analysis, in this study, age was the main determinant for a blood lead level of concern. The peak blood lead level is usually reached between 2 and 3 years old, 23 which is consistent with our findings. Other factors associated with a blood lead level of concern included anemia and pica behavior. In turn, a significant association was observed between age ≤ 3 years old and pica behavior and age ≤ 3 years old and anemia, together with a significant association observed between pica behavior and anemia (data not shown). The interrelation among these outcome measures may account for the fact that only age ≤ 3 years old was statistically significant after the multivariate analysis.
As described in the literature, the family socioeconomic level is a determinant factor of lead exposure. 24 This study found an association between a blood lead level > 5 µg/dL and children living in a house with dirt floors, living in an overcrowded house, and whose mothers had completed less than 7 years of education.
In addition, we were not able to identify other RFs related to internal or external household lead sources, as reported in other studies. 9, 11 A possible explanation for this may be found in the hypothesis posed by Bernard and McGeehinn, who indicated that, in general, a blood lead level between 5 and 10 µg/dL is the result not of a specific lead source but of multiple factors. 25 In this regard, a potential weakness of this study is that it did not consider diet as a major source of lead in children. 26 Another limitation of this study was that results may not be generalized to the entire population of children in the region because participants may have specific sociodemographic characteristics given that they were invited to participate while attending a PHCC.
Beyond the above mentioned limitations, results indicate that children younger than 3 years old from a low socioeconomic level are at a greater risk for a blood lead level above 5 µg/dL. Considering that, in addition to environmental factors, there are other socioeconomic factors involved, it is clear that this problem should be addressed by public policymakers together with health care providers. On the one side, improving the socioeconomic conditions of the studied population may help to reduce lead levels; on the other side, a more direct prevention strategy should be considered, such as screening children who pose RFs for blood lead levels.
CONCLUSIONS
The median blood lead level in the studied population was 2.2 µg/dL. The main RFs identified for lead exposure in the studied population were age ≤ 3 years old and pica behavior. Other less relevant RFs included a n e m i a , m a t e r n a l e d u c a t i o n < 7 y e a r s , overcrowding, and dirt floors. n
